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This study compared two conceptual design 1985 tilt rotor transports for
a 370 kilometer (200 nautical mile) short haul mission. The first of these
concepts was a derivative of previous designs, while the second had a complex
mechanical flap system similar to a short field B737 aircraft. This flap system
allowed lift to be shifted from the rotor system to the wing, permitting a 26
percent reduction in dynamic component weight, while also permitting the use of
a smaller wing. Although both tilt rotors were designed to cruise at 350 knots,
this speed was closer to optimum for the high lift wing concept because its in-
creased wing and disc loadings. The wing and disc loading of this concept were
5746 (120 psf) and 1915 (40 psf) newtons per square meter respectively, while
the wing and disc loading of the derivative concept were 4788 (100 psf) and 1197
(25 psf) newtons per square meter respectively.
The high lift wing tilt rotor showed slightly improved fuel usage over its
entire operating range and about six to eight percent improvement in direct
operating costs, resulting from its improved cruise efficiency, but also parti-
ally due to its reduced weight. While both concepts hcd similar operating costs
to conventional jet transports flying a similar mission, each of the tilt rotor
concepts used less than half of the fuel required by these conventional trans-
ports.
The main advantages of a high lift flap P-stem for a short haul tilt rotor
as determined by this study are: improved operating economy; improved reliability
with potentially reduced mair.tena-ice resulting from the shift of structural weight
from dynamic to passive elements; and, improved ride quality resulting from the
smaller rotors and higher wing loadings. The main disadvantage of this concept
appears to be the loss of VTOL conversion potential and a limitation to short
field operations.
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INTRODUCTION
The potential of the vertical takeoff and landing (VTOL) tilt rotor con-
cept to provide a fuel conservative aircraft while alleviating the problems of
noise and airport congestion led to its consideration as a 1985 civil transport
aircraft candidate. Several NASA studies have explored the design requirements
of tilt rotor civil transports for the mid 1980's and investigated and identi-
fied the technological risk involved in the development of this transport
concept (1,2).
Additional gains in fuel conservation and operating economy can usually
be made by giving up VTOL capability and operating in a short takeoff and
landing (STOL) mode. Two recently completed studies show that substantial
improvements can be made in the fuel economy, ride quality and operating costs
of the tilt rotor transport by increasing the field length to 610 meters (2000
feet) (1,3). In these studies engine power was reduced to reflect the decreased
takeoff requirements, resulting in reduced cruise speed capability, As eircraft
productivity is a function of block speed, this cruise speed reduction partially
offsets the economic benefits resulting from short field operation (3).
Cruise speed and aircraft productivity can be increased by improving the
high speed efficiency of the vehicle. This goal may be accomplished by reduc-
ing the rotor size, leading to improved rotor performance at high speed and to
significant reductions in rotor and drive system weight. The vehicle wing
loading can also be increased, resulting in improved vehicle high speed aero-
dynamic performance and ride qualities. However, the short field capability
of such a transport design rapidly disappears due to the effect of these
changes on the static thrust and approach speed of the aircraft. In addition,
the transition speed is increased and ternd nal area maneuvers and safety may
be adversely effected,
-2-
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One solution to this problem is to provide a more efficient wing at low
speeds in order to offset the decreased wing area and make up for the reduced
rotor lift capability during transition. This increased low speed wing per-
formance can be provided by mechanical flap system similar to those developed
for reduced field length operations in recent short haul transport system
studies (4,5).
This investigation was conducted to assess the effect of an efficient
high lift mechanical flap on the performance, economics and design require-
ments of a 100 passenger 1985 short haul tilt rotor transport aircraft. The
approach used was to develop design point airplanes with and without high
lift mechanical flaps and to compare their design characteristics, operating
costs and performance. Each aircraft had the same mission and payload re-
quirements, with maximum speed identical to the 350 knot VTOL tilt rotor
transport of Reference 2.
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METHOD OF ANALYSIS
Two design point short haul tilt rotor aircraft were developed by "flying"
them on a standard mission. The VASCOMP II computer code was used for aircraft
performance and sizing. 
(6) 
In addition, both aircraft were required to takeoff
and land within a balanced field length of 610 meters (2000 feet), and to meet
the recommended minimum requirements of Reference 7 in the terminal areas.
In order to provide a consistent basis within this study, the STOL tilt
rotor aircraft of Reference 2 was slightly redesigned to be capable of a 350
j	 knot maximum cruise speed., This aircraft, referred to here as the "plain
flap tilt rotor" and shown in Figure 1, is modified mainly in its fuselage
layout and tail volume coefficients and is equipped with plain trailing edge
-3-
flaps. The second design point airplane, referred to as the "high lift wing
tilt rotor," is significantly different as can be seen in the composite of
Figure 2. Ir. this design the wing loading is increased and the rotor diameter
decreased in order to provide an efficient high speed cruise and to offset the
additional flap weight., This design requires a very high operating lift co-
efficient during low spe ,2d operation because of its high wing loading and
higher thrust loading of its rotors. This lift is provided by a fairly sophis-
ticated flap system consisting of triple slotted flaps as shown in Figure 3.
A comparison of the characteristics of both design point aircraft is made in
Table I.
An assessment of the low speed characteristics of each design was made in
order to insure adequate performance margins in terminal area operations, The
effectiveness of parametric changes was determined by comparing the changes in
vehicle empty weight and mission fuel required. An attempt was made to reduce
these weights as much as possible while retaining the best features of the VTOL
tilt rotor performance. The fuel economy and economics of each aircraft were
determined at the design point and variations are presented for off-design
performance.
Mission
The typical mission profile is shown in Figure 4 and is identical to the
missions used in the previous studies (1-3). The two design point aircraft
	
,a
were optimized to carry 100 passengers over a 370 kilometer range (200 n.m.),
with a maximum cruise speed of 350 knots. The design cruise altitude was
chosen as 4267 meters (14000 feet) which is optimum for the plain flap air-
craft (2,3), and close to optimum for the high lift wing aircraft.
-4-
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The reserve fuel allowance used in this study includes: (1) fuel for
a 92.6 kilometer (50 n.m.) cruise to an alternate airport at normal cruise
altitude and best range speed; and, (2) fuel for a 20 minute hold at 1524
meters (5000 feet) at fuel flow for maximum endurance.
Aerodynamics
4
The aerodynamic performance used to develop the two design point aircraft
in this study is based on data provided in Reference 3. The drag values are
representative of current transport designs and are corrected for the effects
i
of Reynold's number and standard day altitude conditions. The VASCOMP II
computer program sizes the aircraft components and provides an estimation of
the total drag, span-wise lift efficiency and the three dimensional lift curve
Islope. The lift curve slope is used to determine the angle of attack required
during the climb and descent phases of the mission and to calculate the air-
plane load factors, A summary of the aerodynamics characteristics of each
of the design point aircraft is given in Table II.
Low Speed Performance - For short field applications, the balanced field
requirements and terminal area manuevers, including engine out performance, can
i have significant impact on aircraft size, weight and cost. Terminal area perform-
ance is not directly determined by VASCOTiP II, however, and auxiliary studies
were performed to define design input parameters such as the level and duration
of takeoff thrust, and tail size required.
The takeoff and landing constraints are summarized in Table III. The
stall margin (angle of attack) was established to avoid large rapid control
r	
applications resulting from sudden changes of lift.
The takeoff static thrust to weight ratio required to meet the hot day,
one engine out case for both design point aircraft was calculated, however,
^^	 -5-
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in both cases, a greater installed power was required to enable the
i
design point aircraft to attain a maximum speed of 350 knots at the 4267 meter
(14000 foot) cruise altitude than was necessary for takeoff.
The control of tilt rotor aircraft at low speeds is accomplished by differ-
ential rotor cyclic and collective pitch adjustment and the minin.um control speeds
VM0 's have little real meaning in relation to this design concept. At higher
speeds, the aerodynamic control surfaces are phased in resulting in a conventional
i
airplane control system during cruise. A detailed discussion of the control system
is beyond the scope of this paper, however, it can be assumed that adequate control
power can oe achieved at or below any minimum flight speed (2,3).
IT.Le tilt rotor aircraft considereu in this investigation have four engines
which are interconnected by cross shafting, resulting in an aleviation of the
asymmetric untrol problem. The main characteristic of an engine failure in
this type of aircraft is reduced power operation. Engine out operation for
both the high lift wing and plain flap aircraft is typified by small reductions
in flight path angle with about a 15 to 20 knot increase in forward speed, re-
sulting in a transference of lift from the rotor to the wing. The effect of
engine out operation can be minimized, however, by operating initially at re-
i	 duced power and by providing for a temporary overspeed capability in the
remaining engines.
I
{	
Airframe-Rotor Interference - The effect of rotor downwash on wing lift
was investigated in Reference 8. It was found that the wing contributed to
the total lift at forward speeds greater than 35 knots and that rotor and wing
were essentially independent at forward velocities greater than 80 knots. It
was also determined that at speeds as low as 20 knots the rotor induced a strong
upwash on the wing leading edge.
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Based on the results of these studies, it was assumed that neither of the
dp -!gn point airplanes would have any significant wing-rotor aerodynamic Inter-
ference effects. Although this result has not been varified in the case of
a tilt rotor with a high lift wing, the greater circulation strength of the
high lift wing could be expected to sweep the rotor wake off the wing at
even lower forward airspeeds.
Weights and Dimensions
a	
The weight and structural technology level believed to be representative
of a mid 1980's passenger transport was used to develop the two aircraft of
this study, thus the use of composite structures was assumed to give a struc-
tural weight reduction of 25% over current transport aircraft structures. The
r
"	 aircraft of this study were also assumed to use fly-by-wire control systems
contributing to further weight reductions over conventional control systems.
Tile dimension and weight summaries for the design point aircraft are presented
in Tables IV and V. It can be noted that the weight of fixed equipment, the
'	 useful load, and the payload were constant for both configurations while the
structural, propulsion, and flight controls weights were varied. Both air-
craft used the same fuselage design which is representative of current DC9/
r
B737 aircraft.
An examination of Table V shows that the largest weight difference bet-
ween the two study configurations occurs in the propulsion group. The high
lift wing configuration has a higher disc loading rotor, and hence a smaller
diameter rotor, yielding a rotor weight reduction of 35 percent. In addition,
fl	
because the tipspeed increased slightly in cruise, the actual shafting and
gear box weight is also reduced because of its higher rotational speed leading
to a better power train match. Finally, because of the better cruise match
at the design point, the actual engine weight is also slightly reduced,
'
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yeilding a total reduction in propulsion group weight of 26 percent over
the plain flap wing tilt rotor. The flight controls group is ancther area
where the weight of the high lift wing tilt rotor is reduced, with most of
the reduction occurring because of the reduced rotor weight previously
mentioned.
Although the structural weight of the high lift wing tilt rotor is
slightly reduced, it can be seen that the wing weight of this concept is
actually seven percent higher than the plane wing concept even though its
a
	wing area is 22 percent less. This weight increase occurs partially because
of the higher wing loads, but is principally due to the fact that the high
lift win d; was penalized for its complex triple-slotted flap system. This
flan system with its tracks, complex linkages, and attachment brackets was
asataicd to weigh 128 percent more than an equivalent area similar flap. In
addition, weight was added for the aileron system and for various other con-
trol surface differences between this vehicle and the one described in Reference
2. These penality "high lift" factors were input into VASCOMP II and resulted
in the structural weight determination described in Table C.
RESULTS AND DISCUSSION
Performance
Performance data are presented for the two short haul tilt rotor configu-
rations, the plain flap and high lift flap wing tilt rotor over a cruise speed
range varying from 200 knots to the design point cruise speed of 350 knots.
Two intermediate points are also shown, one at the velocity for best range
r
-	 and the other at 99 percent of the best range velocity. Performance for the
plain flap tilt rotor was calculated using a wing loading of 4788N/m2 (100
psf) and a disc Loading of 1197N/m 2 (25 psf) which are identical to the valueb
r	 used for the design point aircraft of Reference 3. High lift wing tilt rotor
--ter-
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performance was based on a wing loading of 5746N/m 2 (120 psf) and disc loading
of 1915N/m 2 (40 psf). Although higher values of wing and disc loading were
studied, it was felt that the values chosen were at the highest practical limit
based on structural, dynamic and other considerations. The cruise performance
of the two aircraft configurations is presented in Figure 5. These data are
calculated for an altitude of 4267 meters (14000 ft.) on a standard clay and
with all engines operating. Ic can be noted that the high lift wii.g configu-
ration has the better specific range performance of t'sie two aircraft. This
may be attributed to its Luwcr gross weight, which is also reflected by the
lower fuel consumption of the high lift wing tilt rotor aircraft.
The fuel consumption of the two aircraft concepts is presented in Figure
6 as a function of cruise velocity and is expressed in scat-k-i lometers per
liter (seat-miles per gallon) of fuel. The high lift wing tilt rotor shows
improved fuel economy over nearly the entire speed range, from 240 knots to
the design point of 350 knots. The design points correspond to a cruise speed
iobtained with the maximum continuous power setting and rotor speed, and hence
do not yield the best fuel consumption	 In general, reduced power settitjgs
will improve the fuel consumption for both configurations, but would result
in higher direct operating costs due to reduced aircraft productivity. At
the design point, the plain flap wing tilt rotor gets 27.6 seat-kilometers
per liter (65 seas-miles per gallon) while the high lift wing tilt rotor gets
a slightly better 28.5 seat-kilometers per liter (67 seat-miles per gallon),
however, for comparison, a conventional fan jet transport (DC-9/B737) flown
on this same mission gets about 8.5 to 12.8 seat-kilometers per liter (20 to
I30 seat-miles per gallon) (10,11).
Operating Economics
A utilization rate of 2500 hours per year was assumed in computing the
economics for the two airplanes of this study. The variation of the direct
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operating cost (DOC) with cruise speed for both configurations; is showr in
figure 7, plotted in +976 dollars. These costs were calculated using the
standard AIA model (9,6) with cost paraireters updated based on current in-
dustry costs figures (10,11). At the desif;n point, the plane wing tilt rater
has a direct operating cost of 2.19 cents per available seat kilometer vhile
the high lift wing tilt rotor has a DOC of 2.09 cents pet available sent
kilometer, a sevirgs of slightly more than six perreut. As £ currparis,r
the 1976 DOC's of the small jets (DC-9, B737) varied from F low of about 1.94
cents to a high of over 2.5 cents per available seat kilometer (11,12) where
the lower cost was generally associated with local service operations and the
higher cost with the larger trunk ope. •aters. The most .eprEsentative cost
numbers from the stand point of mission, operation, size and block tine Ere
spotted on Figure 7 for several DC-9-10 routes and are in the neighbothood
of 2.19 cents per a• taila', le seat kilometer. The air carrier values are
spotted as a function of block speed and hence can be compared with the de-
sign point tilt rotors. As a further comparison, current turboprop transports
have operatinL costr. in the neighborhood of 2.5 ce y^rs per nvailable seat
kilometer, hence the tilt rotor vehicles compare very favorably with
current short-haul transport aircraft in cost and fuel economy.
Noise
Another area where the tilt rotor vehicles show a significant advantage
over the current jet transports is in their community n.)ise impact. Lased
oil 	 data developed in Reference ^, the airport/community area impacted
by noise levels of 90 L• PNl. or greater is on the c:der of three square kilo-
meters, where as the airport/community area impacted by 90 FP14L or greater 	
Ili
noise levels is approximately 11 square kilometers for a DC• 9 type aircraft.	 l
Vhile the tilt rotor aircraft considered in this study had significartly elf-
ferent disc loadings, the prin.ary rotor effect on noise level is rotor tip
-10-
speed, with only a small effect due to disc loading. Hence, as both vehicles
had about the same tipspeed in terminal operations, it is to be expected that
their noise impact areas are approximately the same.
i
t
CONCLUDING REMARKS
In several recent NASA studies, relaxing the vertical takeoff and landing
requirement for a tilt rotor transport resulted in greatly improved fuel economy
but in only slightly improved operating economics, In the present study two
derivat=.ve tilt rotor transports were considered. The first one was similar to
the snort field aircraft of the previous studies, and the second one was opti-
mized for high speed cruise, and had a flap system representative of a reduced
field B737 aircraft, in order to have similar terminal area operating charac-
teristics.
Both tilt rotor aircraft were designed for a 350 knot cruise speed at a
4267 meter (14000 ft) altitude, with a 100 passenger payload, and made exten-
sive used of an assumed 1985 technology level. The first tilt rotor derivative
had wing and disc lc gdings of 4788 (100 psf) and 1197 (25 psf) newtons per square
meter respectively, while the tilt rotor with the high lift wing had its wing
and disc loading increased to 5746 (120 psf) and 1915 (40 psf) newton:- rf!r square
m,..ter respectively which resulted in a 20 knot increase in its best range speed.
Althov-h this second vehicle had slightly better fuel economy and a six to
eight percent improvement in direct operating cost, its principal difference is
a 2^ percent weight reduction in its dynamic components. This wr-ight improvement
results from the smaller rotors and the better match of engine and gear box
speeds during cruise. However, the wing weight of this high lift tilt rotor
increased by sever,. percent although the wing area decreased by 22 percent indi-
cating a weight shift from dynairic to passive st,uctural elements. "he net
result was a slightly lower airframe weight for the second tilt rotor concept,
111
which contributed to its lower direct operating costs. These direct operating
costs, expressed in 1976 dollars, for the design point plain flap wing and the
high lift wing tilt rotors were 2.19 and 2<,06 cents per availab.Le seat kilometer
while costs for the small jet transports (DC-9, B737) on a similar mission were
approxi ma.ely 2.19 cents per available seat kilometer. Although the economics
of the two tilt rotor designs are similar to that of the conventional short
hau_ jet transport, the rate of fuel utilization is strikingly different.
While the two tilt rctor vehicles have fuel economics of 28 seat-kilometers
per liter at the design point, the best jet transports are less than 12 seat-
kilometers per liter on a similar nission.
In summary, the principal advantage of the tilt rotor vehicles over con-
ventional short haul jets were their superior fuel economy and their much lower
noise impact. The main advantages of the high lift wing tilt rotor over the
	 i
plain flap wing tilt rotor were: improved operating economy; improved relia-
bility with potentially reduced maintenance resulting from the shift of weight
from dynamic to passive structural elements; and improved ride quality and
passenger comfort resulting from the higher wing and disc loadings. The main
disadvantage of the high lift wing tilt rotor appears reduced X rTOL conversion
potential limiting it to short field operation.
r
' 
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TABLE I
Aircraft Characteristics
Plain Wing A/C High Lift Wing A/C
Altitude 4267.2m (14000	 ft) 4267.2m	 (14000	 ft)
Passengers 100 101
Maximum Field Length 609.6m (2000 ft) 609.6m	 (2000 ft)
Aspect Ratio 8.5 8.5
No.	 Enqines 4 4
Wing	 Loading 4788.03N/m2 (100 psf) 5745.63N/m2	 (120 psf)
f^
Disc	 Loading 1197.O1n/m2 (25 psf) 1915.21N/m2	 (40	 psf)
^•	 No	 of Rotors 2 2
1
No.	 of Blades/Rotor 4 4
E.	 Range
E
370Km (200 n.m.) 370K	 (200 n.m.)
7-^
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F
^.
^g,IGIN AL ^
1^^'1'lGt, pW«
14
— IBM
TABLE II
AERODYNAMIC SUMMARY
Plain Flap Wing Aircraft
	
High Lift Wing Aircraft
CDO
	 0.02416
	
0.02898
CLMAX (Operating)
L/D
Tail Volume Coefficient
Aspect Ratio, Wing
Wetted Area
Wing Loading
Disc Loading
9.0
1.43
8.5
478.8 m2 (5153.8 ft 2)
4788 N/m2 (100 psf)
1197 N/m2 (25 psf)
9.0
1.43
8.5
431.9 m2 (4649 ft 2)
5745.6 N/m2 (120 psf)
1915.2 N/m` (40 psf)
1.70
	
2.78
15
r^ G G O
a rI
u \ C a
ro E 6 o bN F 00 s ►. a
^	 ac oo 'T U v
p cn C >
o •4
y^ CIA G A
w + II a G
II rl O ^
Lr) U ti 1J
Cl)	 U .• .. E 3 u w
..	 ^r —4 ,...i O w ro
> oo a w w ,r)
E C o o •o x a a y
A\ O cn ^, D u 0 -1GD U a
ao	 ¢ O O u E
ID I w . F
O QX m fn 'o ao
O > -+ cn rn cn L 4-1 -I	 •'•1 D
cn ro ro E a E
Ln ro cn cn .• O A u 7
G
F^..E	 u, X
o •v b Qj u co u U
cti
x GO M
.^
41 EOOON a ^^a `•-'V/
H
"o
m
C
a
.14 ,
C
a
.1-4
^O
^D
(n	 E
a\A 41
0
aA u
F C
u •14 O 'A bcC' 1..w
r-I
C3
cn	 6 L4 'O GG 'C O w a a	 ..116 aQ) > tl U ro 3 ro^ .A w w cn cn	 ro	 II a a
s^ o ►4	 a. o O o .^ \ u
q>j a i U A U A E O G 00 x1 O C Co o a oo a a r; ro
C O •o Ir o	 ►+ 14 u i E A a u
ro a ^ E ro k. II H EAQ) a
2
E rI ai a g a oo G
cn CL •	 1 U U G 41 w O A
V) -1 U — U — +w E w E •4 }4
I U N 7 7 0 O
rn O^ o
w
0o u a0 .r-4
rd • cli L k X `-' •14 a 14
•rl O •rl O H '^.. ro a ro
G p C O u u U -]
a ¢ a u. rr A r=
F
O
0o ¢
•u >
Gw A
a a U
u 
o
w (n ro .. ^ >
w a G L+ r-+
a C ro m Lf)O •.I p u'1 cn —1
U o0 ¢ O w
G v E O ao > 3-^ ON ^ oo >
-4 .—I ^-- co r- r
w
-4
u .•-1 E \D O ,-I	 C1 u¢ z \D ^O r. _ a a O u ro•u
>+
O 8 O ^^ /^^ O L H a
AoO
r1
wO ^^
f^
-5 O
4-1
C
uG I C111 +^
a
u a CL OC
m C u a a r > C C u
O
•.4 O [+. U ri ^ ri H ^ a U co N
cn C 3 3 a sv —4i	 II cc cci. 41 .. a s G C> o > o $4	 o $4	 Cl. cn o a v G- •.o
a a nO -H U A u o A IH .4 .,.I	 a 0o
6
to
'^ Q 4 :. m °i w a cui
C
n w >v N v Q)ro v a f ro CO ro f
dW•^
o o - -4 ca,^
V
ca.^
a
cn aai >~ ►4	 $4	 N
., a U L) .. U •• o 0 0 0 0 d
I u Ln w w w w
ro r L u u n
w a w .i O p 1-4
0 —+ 0 L ^ O
W
^^
W
b O
.-a
Oa a u ca  
-s o v u
.S(. U w L
0
•rl
r-4
F ¢wa a'
1 6 ORI(',IN N^'
OF Poo UAL
F
r^
U
x
H
OFO
CG
F
a
H
F
F
^I
H x
H tJ^
H
W O
a u^
as
¢ V)
F L;
a
aIx
A
0
x
z
H
A
a
A
z¢
O
F
-^. -	 •
TABI.E 1V
100 PASSENGER SHORT HAIL TILT RO'T'OR
DIMENSIONAL. SLTU-tARY
Plain Wing Aircraft
Fuselage
Length 29.63 m (97.2 ft)
•	 Width 3.75 m (12.3 ft)
Wing
Span 23.17 m (76	 ft)
Chord (Geom. Mein) 2.71 m (8.9 ft)
Area 63.14 m2 (679.6 ft2)
Aspect Ratio 8.5
Horizontal Tail
Span 8 99 m (29.5 ft)
Area 17.27 m2 (185.9 ft2)
Volume Coefficient 1.43
Aspect Ratio 4.67
Moment Arm 14.26 m (46.8 ft)
Rotors
Diameter 14.05 m (46.1 ft)
Number of Blades 4
Solidity 0.163
Disc Loading 1197.01 N/m2	(25 psf)
Tip Speed, Cruise 200.86 m/sec (659 ft/sec)
Vertical Tail
Span 4.72 m (15.5 ft)
Area 15.90 m2 (171.1 ft2)
Volume Coefficient 0.128
Aspect Ratio 1.4
Power
Number of Engines 4
Power/Engine 2.373MW (3182 hp)
lligh Lift Wing Aircraft
	
29,63 m	 (97,2 ft)
	
3.75 m	 (12.3 ft)
	
20.48 m	 (67, 2 f t)
	
2.41 m	 (7.9 ft)
49.34 m2 (531.1 ft2)
8.5
	
7.47 in	 (24.5 ft^
11.93 m (124.1 ft )
1.43
4.67
	
14.26 m	 (46.8 ft)
3.93 m	 (12.9 ft)
10.98 m' (118.2 ft2)
0.128
1.4
4
2.127 MW (2853 lip)
9.69 m	 (31.8 ft)
4
0.163
1915.21 N/m2 (40 psf)
236.22 m/sec (775 ft/sec)
17
18
1
TABLE V
100 PASSENGER SHORT HAUL TILT FOTOR
WEIGHT SUMMARY
Plain Wing Aircraft High Lift Wing Aircraft
Kilograms (Pounds) Kilograms (Pounds)
Structures Croup 7742.8 (17070.0) 7645.8 (16856.1)
Wing 2200.8 (4851.9) 2348 7 (5178.0)
Horizontal Tail 278.1 (613.1) 220.0 (485.0)
Vertical Tail 246.8 (544.1) 192.3 (423.9)
Fuselage 3271.3 (7211.0) 3251.8 (7169.0)
Landing Gear 1232.9 (2718.1) 1156.2 (2549.0)
Primary Engine Nacelle 330.2 (728.0) 296.2 (653.0)
Structure Weight Increment 181.4 (400.0) 181.4 (400.0)
Propulsion Group 5206.8 (11479.0) 3866.0 (8523.1)
Rotors 1972.7 (4349.1) 1271.4 (2803.0)
Drive System 1969.5 (4342.0) 1458.3 (3215.0)
Primary Engines 909.5 (2005.1) 815.6 (1798.1)
Primary Engine Installation 282.1 (621.9) 252.7 (557.1)
Fuel System 73.0 (160.9) 67.6 (149.0)
Flight Controls Group 1634.7 (3603.9) 1270.1 (2800.1)
Cockpit Controls 47.2 (;04.1) 45.8 (101.0)
Upper Controls 591.9 (1304.9) 381.5 (841.1)
Hydraulics 388.3 (856.1) 268.5 (591.9)
Fixed Wing Controls 271.2 (597.9) 254.5 (561.1)
SAS 68.0 (149.9) 68.0 (149.9)
Tilt Mechanisms 268.1 (591.1) 251.3 (554.0)
Weight of Fixed Equipment 5601.0 (12348.1) 5601.0 (12348.1)
Weight Empty 20185.3 (44501.0) 18382.9 (40527.4)
Fixed Useful Load 918.5 (2024.9) 918.5 (2024.9)
Operating Weight Empty 21103.8 (46525.9) 19301.4 (42552.3)
Payload 8164.7 (18000.1) 8164.7 (18000.1)
Fuel 1558.1 (3435.1) 1440.6 (3176.0)
Gross Weight 30826.6 (67961.0) 28906.7 (63728.4)
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	 HIGH LIFT WING FLAP SYSTEM
i
PLAIN WING FLAP SYSTEM
Figure 3.- Comparison of the flap system geometries for the high lift wing
and plain flap wing STOL tilt rotors.
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DISC
LOADING
	 W/S
TILT ROTOR
	
N/m2	 (PS F) N/m 2 	(PS F)
0 PLAIN WING	 1197	 (25)	 4788	 (100)
	
q HIGH LIFT WING 1915	 (40)	 5745.6	 (120)
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Figure 6.- The variation of specific fuel consumption with cruise velocity
for the plain flap wing and the high lift wing STOL tilt rotors, at a
cruise altitude of 4267 m (14000 ft).
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